Objective: Whether video-assisted thoracic surgery (VATS) is associated with less shoulder dysfunction when compared with posterolateral thoracotomy (PLT) remains unclear. We therefore conducted this prospective study to assess the shoulder function in patients following major lung resection using either the VATS or PLT approach. Methods: Twenty-nine consecutive patients were prospectively recruited into the study. Eighteen patients underwent major lung resection through VATS (VATS group) and 11 patients through PLT (open group). Shoulder function was measured preoperatively, and postoperatively at 1 week, 1 month and at 3 months. All assessments were done by two experienced physiotherapists using the American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form. Results: Shoulder strength was significantly better preserved in the VATS group at 1 week after surgery when compared with the PLT group (92 versus 81% of preoperative value; P ¼ 0:024). VATS patients also had better range of motion especially with respect to external rotation at 1 week (98 versus 91%; P ¼ 0:015) and forward elevation at 1 month (98 versus 93%; P ¼ 0:024) and 3 months after surgery (100 versus 96%; P ¼ 0:021). Analgesic requirement was significantly less in the VATS group postoperatively at 1 week (P ¼ 0:009) and 1 month (P ¼ 0:004). Conclusions: VATS major lung resection is associated with significantly less shoulder dysfunction and pain medication requirement in the early postoperative period when compared to the PLT approach. q
Introduction
Posterolateral thoracotomy (PLT) has long been the standard surgical approach for most thoracic procedures [1] . This incision provides excellent access to the chest cavity, but often requires the division of several major chest wall muscles and spreading of the ribs. Experience has shown that this approach may lead to serious postoperative morbidity like chronic pain, compromised pulmonary function and restriction of shoulder function [1] . With the introduction of minimal access techniques, these thoracic procedures can now also be performed through video-assisted thoracic surgery (VATS) [2] .
The fact that access trauma is reduced with VATS has been well documented. There is general consensus on the benefits of this approach with respect to less postoperative pain [3, 4] , better preservation of pulmonary function [4] [5] [6] and earlier return to normal activities [7] . However, whether VATS is associated with less shoulder dysfunction remains to be defined. Adequate functioning of the shoulder is essential for performing various basic activities of daily living [8] , and postoperative shoulder dysfunction could become a serious long-term disability. We therefore conducted this study to assess the shoulder function in patients after major lung resection following either VATS or PLT. into the chest wall or brachial plexus were beforehand excluded. As a result, 18 patients underwent VATS major lung resection (VATS group) and 11 patients underwent resection through PLT (open group).
Materials and methods

Patients
Operative technique
VATS resection was carried out whenever technically advisable. This was the case whenever there were complete or near complete fissures, with minimal or no pleural adhesions. Our technique for VATS major lung resections has been described in detail elsewhere [9] . We emphasize on avoiding rib spreading and torquing of the thoracoscope at all times [10] . Patients who were considered not suitable for VATS underwent the conventional posterolateral thoracotomy, with division of the latissimus dorsi and serratus anterior muscles.
Shoulder function assessment
Shoulder function assessments were done preoperatively, and postoperatively at 1 week, 1 month and at 3 months after surgery. All patients received chest physiotherapy and were encouraged to mobilize starting from postoperative day 1. Shoulder function was measured following the American Shoulder and Elbow Surgeons (ASES) Standardized Shoulder Assessment Form [11] . This is a standardized form containing an assessment section to evaluate shoulder strength, shoulder range of motion, specific physical signs and shoulder stability, and a patient self-evaluation section with a visual analog scale (VAS) pain assessment, a VAS instability assessment and an activities of daily living (ADL) questionnaire (Appendix A). For the current study, only shoulder strength, active shoulder range of motion, VAS pain score and ADL questionnaire assessments were deemed relevant and were used for data analysis. All assessments were done by two experienced physiotherapists.
Shoulder strength
Shoulder strength was measured in forward elevation, abduction, external rotation and internal rotation. Strength of each movement was graded on a scale from 0 to 5, with 0 representing no contraction and 5 equaling normal strength. These scores were combined for a total assessment of shoulder strength.
Shoulder range of motion
Active shoulder range of motion was assessed in forward elevation, external rotation with arm at side, external rotation with arm at 908 abduction, internal rotation and crossbody adduction. Forward elevation, external rotation with arm at side and external rotation with arm at 908 abduction were measured with a goniometer in degrees. Internal rotation was estimated by noting the highest segment of the posterior spinal anatomy reached with the thumb. Crossbody adduction was assessed by measuring the distance (in centimeter) of the antecubital fossa from the opposite acromion.
Pain and analgesic requirement
Patients were asked whether they had pain on the side of their surgical procedure. The severity of pain was graded on a 0-10 visual analog scale, with 0 points for no pain to 10 points for pain as bad as it can be. Furthermore, the patients were asked whether they took pain medication. In general, dologesic (containing dextropropoxyphene HCl 32.5 mg and paracetemol 325 mg) was administered for postoperative pain control, and the number of tablets required daily on average was recorded.
ADL questionnaire
The ADL questionnaire contains ten questions regarding various activities of daily living (Appendix A). These are scored on a four point ordinal scale from 0 to 3 points, where 0 stands for unable to do and 3 equals not difficult to do. A cumulative ADL status score is derived by adding up the scores for all ten questions.
ASES shoulder score index
The patient self-evaluation section results in an ASES Shoulder Score Index and is derived from the VAS pain assessment and ADL questionnaire. The VAS pain score is subtracted from 10 and the resulting number is multiplied by 5 for a maximum of 50 points. The cumulative ADL score is multiplied by 5/3 for a maximum of 50 points. This results in a maximum possible ASES Shoulder Score Index of 100 points. High scores stand for high functionality.
Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences for Windows version 10.0.0 (SPSS/PC for Windows ver. 10.0.0). Postoperative changes in shoulder strength, shoulder range of motion, ADL status and ASES Shoulder Score Index are expressed as a percentage of the patient's preoperative baseline assessment. Continuous data was analyzed using the unpaired Student's t-test. Frequencies were compared using x 2 -test; if a frequency in at least one cell of the table is less than 5, Table 3 Postoperative shoulder function assessments 1 week after surgery 1 month after surgery 3 months after surgery the Fisher's Exact Test was computed instead. P-values less than 0.05 were considered statistically significant.
Results
A total of 29 patients were recruited into the study, with 18 patients undergoing major lung resection through VATS (VATS group) and 11 patients through PLT (open group). No significant differences were found between the two groups regarding gender, age, nature of the operation and pathological results (Table 1) . Furthermore, there were no significant differences regarding their preoperative shoulder function (Table 2) .
Shoulder function evaluations were performed only after all chest drains have been removed. There was no significant difference between chest drainage duration between groups. One VATS patient had prolonged air leak postoperatively, and subsequently missed her 1 week assessment. Data on all postoperative shoulder assessments are shown in Table 3 .
It was clear that VATS patients had superior shoulder strength throughout the whole follow-up period when compared with patients who had a PLT, with significant differences found at 1 week after surgery (Fig. 1) . Furthermore, VATS patients also had significantly better postoperative shoulder range of motion ( Figs. 2A-C) . Although both groups had significantly worse shoulder range of motion after their operation, the decline in range of motion was significantly less in the VATS patients regarding external rotation with arm at 908 abduction postoperatively at 1 week (Fig. 2C) . In addition, at 1 and 3 months after surgery, VATS patients had significantly better shoulder range of motion regarding forward elevation ( Fig.  2A) .
At the same time, patients in the VATS group experienced less postoperative pain, reflected by the lower requirement of analgesics after surgery. Significant differences were found regarding the amount of pain medication consumption between the two groups postoperatively at 1 week and 1 month (Fig. 3A) . Significantly fewer patients from the VATS group took any pain medication at all 1 month after surgery. Furthermore, there was a trend for VATS patients to exhibit lower VAS pain scores (Fig.  3B) . VATS patients also tended to have better ADL status than patients from the open group (Fig. 4) . However, neither the differences in cumulative ADL score nor the results of the separate questions of the ADL questionnaire reached statistical significance. Likewise, a similar trend was found for VATS patients to have higher ASES Shoulder Score Index (Fig. 5) . Again, this was not statistically significant.
Discussion
The results of this prospective study suggest that VATS is associated with short-term benefits regarding shoulder function and pain for performing major lung resections when compared with posterolateral thoracotomy. Significant benefits for the VATS group were found postoperatively at 1 week regarding shoulder strength, and at 1 week, 1 month and 3 months regarding shoulder range of motion. At the same time, VATS patients required significantly less pain medication postoperatively at 1 week and 1 month.
Corresponding with their significantly better shoulder function after surgery, a consistent trend was found for VATS patients to have higher levels of ADL status throughout the follow-up period. This was eagerly anticipated, because adequate shoulder function is a basic requirement for various areas of daily functioning [8] . However, due to the small number of patients, this trend was not statistically significant. Likewise, the ASES Shoulder Score Index, which is a combination of the ADL questionnaire and VAS pain assessment, did not reveal significant differences either.
Our findings seem to be consistent with previously reported studies. Landreneau et al. [12] estimated shoulder function in patients comparing VATS with limited lateral thoracotomy by measuring the strength of the latissimus dorsi and serratus anterior muscle groups with a standard dynamonometer. In a later study, Landreneau et al. [13] used self-developed questionnaires to assess shoulder restriction in a similar group of patients. In both studies, VATS was associated with less short-term shoulder dysfunction, although there were no significant differences between the two groups 1 year after surgery.
We acknowledge that our present study has several limitations. Although the investigation was of prospective nature, randomization of the patients was not performed. Furthermore, blinding of the assessors was not practical because the shoulder function assessments required patients to undress, revealing the length of the scar and the nature of the operation. Moreover, our findings are limited by the small sample size. The shoulder function assessments were fairly time-consuming, and its labor-intensiveness restricted us from recruiting more patients and extending the follow-up period.
Functional limitations of the shoulder are difficult to assess due to significant overlap with pain. The relationship between shoulder dysfunction and pain is complex, and it is unclear to what extent the differences in postoperative pain have contributed to the differences in postoperative shoulder function. Furthermore, it remains largely indistinguishable what part of the shoulder dysfunction is contributed by the division of major chest wall muscles, and what part is due to rib-spreading. It is generally believed although not vigorously, scientifically proven that the morbidity of a thoracotomy is mainly the result of rib spreading rather than muscle division. Various authors have reported that shoulder function in the early postoperative period is better preserved after muscle-sparing thoracotomy when compared with posterolateral thoracotomy [1, 14, 15] . The consistent difference between these two approaches is the preservation of the latissimus dorsi (with or without preservation of the serratus anterior) in the muscle-sparing thoracotomy, while location, length of incision and amount of rib-spreading remain similar. This suggests that division of major chest wall muscles is an important factor contributing to postoperative shoulder dysfunction. In contrast, differences between VATS and muscle-sparing thoracotomy include not only the length of the incision, but more importantly, the avoidance of rib-spreading. There has been no published report so far on a study comparing VATS with muscle-sparing thoracotomy with respect to shoulder function. Nevertheless, studies comparing VATS with lateral thoracotomy (with or without muscle sparing) showed that the former is associated with less short term shoulder dysfunction [12, 13] , suggesting that rib-spreading does play an essential role in causing postoperative shoulder dysfunction. However, the precise contribution from each of these factors remains to be further investigated.
Recent publications have suggested that exercise training could play an important role in the postoperative rehabilitation of the patient [16, 17] . Specifically with upper extremity exercise modalities, improvement in shoulder strength and function can be expected. Furthermore, it is suggested that exercise training can lead to improvement in the ability to perform activities of daily living, exercise endurance, pulmonary function and quality of life [16, 17] . It would be reasonable to assume, although not scientifically proven that patients with less early postoperative discomfort are able to comply better with, and derive more benefit from such exercise training.
In conclusion, despite the mentioned limitations and small number of patients, our study showed that the VATS approach is associated with better preservation of shoulder function and lower analgesics requirement in the early postoperative period when compared with the standard open approach.
